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ABSTRACT
A series of emulsions (fine, medium and coarse) was
precipitated by double jet addition. The surface area of
each emulsion was determined by adsorption of l,l'-diethyl-
2,2,-cyanine in varying amounts and measurement of spectral
reflectance, and the electron micrograph of each emulsion
was taken. The emulsions were sensitized with differing
concentrations of thiosulfate sensitizer and for various
digestion time.
The relationships between grain surface, grain size,
and sensitizer concentration were determined by combining
the optimum results of three individual experiments. From
the sensitometric properties, the relation between grain
size and optimum concentration of sensitizer was determined.
Also the relationships between grain size and maximum sen
sitivity, and betvyeen fog and optimum speed were determined.
The results showed that the rate of growth of sensitivity
and fog increased with increasing thiosulfate concentration
and grain size, and the optimum sensitizer concentration was
independent of grain size. Also it was indicated that fog
began to rise when the optimum speed was reached.
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CHAPTER I
INTRODUCTION
1.1. Precipitation
The purpose of the present experiment is to determine
the relationship between grain size and the quantity of
sulfur sensitizer at optimum speed. In order to secure
data which are characteristic of a given grain size, a series
of monodisperse emulsions, each having grains of essentially
uniform grain size and crystal habit, was prepared and each
sensitized with a series of concentrations of thiosulfate.
1.1.1. Monodisperse emulsion
It is necessary to understand the machanism of mono
disperse precipitation from the standpoint of emulsification
and photographic theory. The investigations of monodisperse
emulsion are summarized in the following i Berry, Marino and
Osterl prepared silver bromide monodisperse emulsions using
the double jet method. When the precipitation starts, silver
ions and halide ions in the vessel are increased, and nucle
ation occures. Berry and Skillman2, Berriman^ found that
under their conditions, nucleation was over very rapidly, in
, 4
less than 60 seconds. Berry and Skillman also found that
the sizes of the nuclei formed varied greatly, and were up to
0.16 um for coarse grained ammoniacal emulsion. The growth
rate was extremely rapid up to this size during the nucle
ation period. After starting the nucleation, the continued
growth of the existing crystals and the formation of further
nuclei will cause the supersaturation to decrease, until
eventually it will fall below the minimum level for spon
taneous nucleation. Nucleation will then cease. Growth of
existing crystals will continue as long as silver and halide
ions continue to be added to the system. When the supply
rate of silver ions is faster than the rate of growth, new
nucleation starts. Berry and Skillman2* 5 concluded that the
rate of growth of the crystal on a given area is independent
of size. Thus silver bromide will precipitate out on one
area of a crystal at the same rates as on any area of any
crystal, and the rate of increase of diameter is not a func
tion of diameter. Berrimanf however, found that the larger
crystal grew slightly faster. On the other hand, Hirata and
Hohnishi6 concluded that the small crystal grew somewhat
faster than large ones.
In all of these studies, supersaturation was sufficiently
low so that no new nucleation occurred. In addition to growth
by the io#s supplied by silver and halide solutions, there
may be redistribution of silver halide among the grains by
the process known as Ostwald ripening.
1.1.2. Ostwald ripening
In the presence of a solvent for silver halide such as
ammonia or a soluble bromide, the larger grains grow at the
expense of smaller ones because of a difference in solubility..
This process is called Ostwald ripening, and its rate increases
with increasing solubility of the silver halide. The rate
of Ostwald ripening in the system exerts influence on the
rate of crystal formation. In the condition of high super-
saturation, the rtuclei do not disappear by Ostwald ripening,
and start growing. On the other hand, when the supply rate
of silver ions and halide ions is slower than the rate of
growth, the supersaturation goes down. Because of the Ostwald
ripening in this case, the crystal is dissolved in the corner
first, where activation energy is low? Therefore, the fac
tors of the Ostwald ripening must be considered. Chateau
and Moncet found that the solubility in water of a crystal
of 0.05 diameter is about 15 5? higher than the one of 0.5 u.
The solubility of silver bromide in potassium bromide solu
tion is shown in Figure 1? The solubility is a minimum at
KBr 0.0005 mole because silver ion is lowered by mass action
and Ostwald ripening is minimized; at higher concentrations
silver ion is reduced still further by formation of complex
ions such as AgBr32~; the AgBr goes into solution as
Br"
and
AgBr32~
and other complexes, but (Xg+) x (r") does not exceed
the solubility product. Higher temperature results in higher
0.000125 0.005
Concentration of KBr
0.1
Figure 1. Dependence of solubility of silver bromide
on the concentration of KBr.
0.5 N KBr
0.06 N NHj-OH
0.10 N NHZ*0H
0.125 N NHZfOH
3.07 3.15
1000/T
3.25
Figure 2. Temperature dependence of the rate of Ostwald
ripening of AgBr microcrystals in KBr and in
NHJfOH
solubility of silver halide. Thus rate of the ripening is
faster. The results of Berry and Skillman measurement? are
given in Figure 2, where the values of the natural loga
rithm of the rate of ripening are plotted as a function of
the reciprocal of absolute temperature.
1.1.3. Crystal habit
It is necessary in making a monodisperse emulsion to
consider the crystal habit of silver halide, because there
are many factors controlling crystal habit of silver halide.
The results of the experiments on the effect of crystal habit
are the following i
Moisar and Klein10 showed schematically that the growth
processes took place at (lOO)-face and (lll)-face for low
and high bromide concentrations in the presence of ammonia,
showing in Figure 3.
wz\ i . - ~jza1 va t
(loo) \y* (100> \ (10-
(in)\ (nir^ (m)
Low
Bt~
Cone. High
Br"
Cone. High
Br"
Cone.
+ NH3
Figure 3. The growth processes of crystal at (100)-
and (111) -faces. The rate of growth is
indicated by length of arrows.
The energy required to form a surface nucleus on a (100)-
face is lowered, when bromide adsorption causes a decrease
of the surface energy. Thus the rate of growth on the (100)-
face increases. In twinned crystals bounded by (111) -face,
growth is restricted to the troughs formed by intersection
of regular (111 )-faces and twin planes, while growth vertical
to the large (111 }-faces is blocked due to bromide adsorption,
Hirata and Morofushi showed the dependence of crystal
habit on silver ion concentration with increasing iodide
content and ammonia concentration. (Figure 4. )
PAg
5 10 15
Agl content (mol \t)
0.5
NH3 concentration (M/l)
Figure 4. The influence of iodide content and
ammonia concentration on crystal habit.
1.0
0 fo mol Agl
0.5 ' * ^s. ^V cubes
0
octahedra ^
.. a** , I 1
1234567
pBr
Figure 5a. Dependence of crystal habit on ammonia
concentrations and pBr with different
iodide content.
1.0
0.5
octahedra
cubes
2 fo mol Agl
12 3 4 5 6 7
pBr
Figure 5b. Dependence of crystal habit on ammonia
concentrations and pBr with different
iodide content.
1.0
^ 4 f> mol Agl
\v
~"~
-
"----___ cubes
0.5
octahedra
*H.
0 J h i . t
1234567
pBr
Figure 5c. Dependence of crystal habit on ammonia
concentrations and pBr with different
iodide content.
Markocki and Zaleski12 also investigated the influence
of bromide ion concentration and ammonia concentration on
the shape of AgBrI crystals in gelatin solution. Their
results are shown in Figures 5a - 5c
Klein and Moisar summarized the tendency to develop
certain crystal structure.
AgCl > AgCl/Br AgBr- - AgBr/l > AgBr/l
1<5 ^ 1>10^
(100) (100) (100)
(111)
(100)
(111)
(111)
8They found that a clue to an understanding of the effect of
the halide composition might be the degree of covalent bond
ing and the polarizability of the lattice anion, which changes
continously from AgCl to Agl.
Claes and Peelaers1^ investigated the influence of
solvation, from ammonia, iodide, urea, cadmium and lead ions,
on the growth of AgBr crystal. They found that a high
solvation caused a formation of cubic shaped silver bromide
crystals, while at a decreasing solvation octahedral crystals
were formed. For example, incorporation of iodide ions caused
a gradual formation of (lll)-face at increasing concentration.
They also studied the influence of ammonia on crystal habit
when silver bromide was precipitated. These results were
shown in Figure 6, These actually are as a function of ammonia
concentration.
H
E
E
C
o
H
+
CO
+
H
P<
ri
O
<D
U
90
6o
30
Figure 6, The transition of (100) into (111) as
a function of the pH in precipitation
in presence of NHo.
The noteworthy points from the previous literatures are
summarized as following!
(1) Nucleation of an equivalent double jet precipitation
with adequate stirring is over very rapidly, in less
than 60 seconds.
(2) The rate of addition must not exceed the rate of
growth, to avoid further nucleation,
(3) The rate of ripening is increased with increasing
temperature.
(4) Initial concentration of gelatin is 2 - 3 f>*
(5) The crystal habit is dependent on pAg, pH and iodide
content.
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1.2. Sulfur sensitization
Sulfur sensitization has been studied for a long time.
There were a variety not only of research topics, but also
of research techniques. Many facts were found and inter
preted by various theories. The points of discussion were
essentially those following
1.2.1. Silver sulfide formation
It is known that sodium thiosulfate (Na2S20o) and other
compounds containing doubly bound sulfur can act as chemical
sensitizers. Sheppard concluded that thiosulfate anion is
adsorbed on the silver halides in the form of Ag2S203 A
certain percentage of the adsorbed thiosulfate will irrevers
ibly decompose to silver sulfide at a discrete locations on
the crystal surface during the ripening process.
One has to point out that many factors influence the
silver sulfide formation.
It is apparent that the rate of sulfide formation was
increased by increasing the concentration of sensitizer.
Spracklenl^ found that the rate of sulfide formation was an
apparent f^irst order reaction; a fine grain emulsion followed
a first order reaction until 230 x 10"5g/g sensitizer level.
His experiment also showed that the rate of silver sulfide
formation was proportional to the concentration of adsorbed
thiosulfate. Moisar1^ also agreed that the first order re
action occurred on (111) -face. But Cashl-> observed an
11
induction period preceeding the first order reaction.
Spracklen1 indicated that the rate of sulfide forma
tion was not dependent on grain feize. On the other hand,
Balls and Harvey--? found that the rate of thiosulfate break
down depended on grain size, being less on the finer grained
emulsion.
Adsorption of thiosulfate ions to the grains is neces-
sary before silver sulfide formation can take place.
Spracklen determined that the adsorption of thiosulfate
ions to the grain was expressed by a Langmuir isotherm. The
amount adsorbed dropped rapidly with increasing pAg, but was
not greatly affected by pH or temperature under most condi
tions of digestion. Balls and Harvey1' suggested that the
position of sensitizer adsorption in the silver halide grain
had an effect on its rate of breakdown to yield silver sul
fide. The active sites, such as Kink and edge sites, on the
silver halide crystal surface adsorbed sensitizer preferen
tially and this sensitizer reacted to form silver sulfide.
Dickinson1"
decided that monolayer aggregates of silver sul
fide occurred on grain surface during sulfur sensitization
because spectral sensitization was observed at larger quan
tity of thiourea.
Many investigators demonstrated that the rate of silver
sulfide formation depended on pAg, pH and temperature.
20
The experiment of Bassett and Dickinson showed that
silver sulfide produced at pH 8.0 acted as the catalyst for
12
further formation of silver sulfide at pH 6.0. Spracklen1^
found that the rate of thiosulfate breakdown was not re-
markedly dependent on the pH over the range 7 to 9.5. but
was strongly dependent on pAg range of the emulsion over 7
to 10. Moisar--5 agreed with Spracklen* s results about pAg
dependence.
In addition, some investigations about other effects
are briefly summarized below j
Harvey21 determined that stabilizer, such as 4-hydroxy-
6-methyl-l j33ai7-tetrazaindene, displaced a part of the
thiosulfate on the grain. Berendsen and Faelens22 found
that stabilizers, such as 4-hydroxy-6-methyl-l:3s3a7-
tetrazaindene (MTP) or l-phenyl-tetrasoline-5-thione (PTT),
influenced silver sulfide formation quite differently. MTP
inhibited sulfide formation at low concentration and acceler
ated at high, although PTT inhibited sulfide formation at
high concentration. Both of these stabilizer suppressed the
photographic sensitization; the photographic effect of the
stabilizers cannot be explained by repression of sulfide for
mation. This fact supported the mechanism of rearrangement,
which is discussed later.
Moisar23 found that the rate of silver sulfide forma
tion was not changed by the incorporation of iodide, which
indicated that the rate of silver sulfide formation was not
dependent on the concentration of interstitial silver ions,
since Matejec concluded from dark conductivity measurements
13
that an increase of the concentration of interstitial silver
ions was produced by introducing iodide into the silver bro
mide lattice.
14
1.2.2. Photographic effects
There were also many investigations about sulfur sen
sitization from the point of view of photographic effects.
Gurney and
Mott2^"
identified silver sulfide specks as
electron traps. In Mitchell's theory, the silver sulfide
built into the surface of the silver halide lattice acts
as a hole or bromide acceptor, and silver ions associated
with silver sulfide form the electron traps.
Spracklen1 *" Moisar1^2-^ and Dickinson1^ decided that
there is no general proportionality between the amount of
silver sulfide and photographic sensitivity, and the opti
mum sensitivity was reached using only minor proportions of
the sensitizer even for comparatively low sensitizer level.
Spracklen1^-
and Moisar1-- concluded that the amount of silver
sulfide at optimum sensitization varied with initial concen
tration of sulfur sensitizer.
Spracklen1/+ showed that the amount of silver sulfide
and digestion time at optimum speed depended upon pH and
pAg, but the amount of silver sulfide at optimum speed was
not materially changed by increasing temperature.
The growth of the sulfide in the form of specks might
result from autocatalysis or from preferential adsorption
and reaction at surface defects.
Using monodisperse cubic and octahedral emulsions,
Moisar1**2^ found an increase in sensitivity by a small
15
amount of silver sulfide on cubic emulsion, while sulfur
sensitization of the octahedral emulsion yielded a larger
amount of silver sulfide, but no photographic sensitization.
AgBr cubes tended to form single latent image specks, while
a higher dispersity of the latent image was seen in the oc
tahedral emulsion. Since silver sulfide nucleation proceeded
rapidly and independently at various sites of each (111)-
face, not only a larger amount of silver sulfide but also
a larger number of silver sulfide specks were formed at oc
tahedral AgBr crystals. He explained this by the character
istic difference in the reactivity of (100) and (ill )-faces
of AgBr crystal. The relatively low speed of the nucleation
process which proceeded silver sulfide growth at (lOO)-face
lead to low dispersity of sensitivity specks.
Moisar1^ Harvey21 and Cash1" suggested that sensitiza
tion was a two stage process. Spracklen1^ also hypothesized
that all the silver sulfide was originally formed as discrete
molecules and that subsequently some of these molecules ag
gregated to form specks. Dickinson1^ proposed that silver
sulfide might be partially in the form of a monomolecular
layer, and partially as discrete specks, only the latter form
producing sulfur sensitization.
Balls and Harvey1? indicated that sensitizers were more
strongly adsorbed to silver sulfide than silver halide.
After producing a nucleus of silver sulfide, sensitizer ad
sorbed preferentially to silver sulfide and subsequently
16
decomposed to produce more silver sulfide. Repetition of
this process caused a number of molecules to grow upon grain
surface to form a cluster of silver sulfide. These clusters
which formed on defect area of the crystal were primarily
responsible for photographic sensitivity. But Cash2^ dis
agreed with the cluster mechanism because the adsorption of
thiosulfate at the silver sulfide is not stronger than at
the silver iodobromide. Cash26 concluded that sulfur sen
sitization involved two processes, the formation of adsorbed
sulfide. and the rearrangement and migration of these sulfide
atoms into specks. The rate of sensitivity specks growth
depended on the rate of rearrangement of the sulfide atoms.
This two-step mechanism enables one to explain the retarda
tion of sensitization by stabilizer, although stabilizer did
not retard sulfide formation. He also decided that the di
gestion for a given digestion level of fog or sensitivity
followed the general relation: l/t = c Qm where t is the
digestion time, Q is the sensitizer quantity and c and m
are constants. The constants depended on the sensitizer
and the emulsion.
Mitchell2^ indicated that the silver sulfide at defects,
such as Kink or edge sites, was responsible for an increase
in photographic sensitivity.
Farnell and Jenkins2 7 concluded that the latent image
dispersion was a major contributory factor to the speed loss
17
on over*-digestion at short and intermediate exposure times,
because of the formation of multiple specks on the grain.
The formation of recombination centers was a consequence of
over-digestion. Farnell2" also found that the centers ini
tiating development of a grain as fog were sensitive centers
which had grown too large. Sensitivity centers having a
range of induction period as fog centers were distributed
over the surface grains. Percentage of fog associated with
maximum speed on sulfur sensitization increased with increas
ing grain size, and the fog centers were along grain edges.
Cash26 decided that the fog increase began when sensi
tivity was at a maximum. He explained that the subsequent
loss of sensitivity might be attributed to conversion of
sensitivity specks on the most sensitive grain to fog specks
as they increased in size. In the presence of stabilizer,
which retards the growth of sensitivity speck, the sensitiv
ity reached a maximum value and then fell before the diges
tion fog began to rise. This is attributed to the formation
of multiple specks.
Farnell2"
found in another experiment that the quantum
sensitivity decreased with increasing size. Optimum sensi
tivity at large grain size is associated with high percent
age fog. More quanta must be absorbed by a large grain than
a small one in order to form a developable latent image.
The decrease of quantum sensitivity with increasing grain
size for light exposure is substantially observed. They
18
suggested that the latent image was dispersed over a number
of sites even at a small exposure.
20
Bassett and Dickinson proposed that two reactions were
involved in the formation of fog centers during sulfur sen
sitization. The first reaction is the formation of silver
sulfide. The second and slower reaction is the formation of
silver atoms which can be stabilized by adsorption to the
silver sulfide. .Theproportion of- the two constituents in
fog center depended on pH and pAg, the quantity of sulfur
sensitizer and time and temperature of digestion.
I will mention briefly one other item among investiga
tions of sensitization.
Frieser and Bahnmuller-^ determined that only a very
small quantity of sulfur ions was necessary for an increase
in the sensitivity at the red region. Fifty sulfide ions
per grain were sufficient to give an effect. The maximum
of the increase on the sensitivity at the red region will
be obtained with about 100 sulfide ions per grain.
19
1.3. Measurement of The Surface Area of The Emulsion
1.3.1. l,l,-diethyl-2,2'-cyanine
The changes in the absorption spectrum of aqueous solu
tion of 1, 1* -diethyl-2, 2* -cyanine chloride with increasing
concentration are illustrated in Figure 7.^1
i
o
r-l
X
0/
C2H5 C2H5
1 , 1 '-diethyl-2 , 2 * -cyanine
chloride
400 500 600
Wavelength (nm)
Figure 7. Absorption spectrum of aqueous solution of
1,1 -diethyl-2, 2 '-cyanine chloride at
25
C,
(1) 1.3 x 10"| M (2) 1.3 x 10-3 M
(3) 7.1 x 10"3 m (4) 1.4 x IO"*2 M
The first spectral change observed in Figure 7, is the
appearance of new maximum D, displaced with concomitant
decrease in the absorption of the molecular maximum M.
Maximum D is probably to be ascribed to dimer. The dimer
stage is followed by higher stage of aggregation. The broad
ening of the short wavelength dimeric band and its displace
ment to shorter wavelength, as the concentration of dye is
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increased, is attributed to the formation of raultimolecular
aggregation. These aggregates are called H-aggregates.
When the concentration of dye is* increased more, a sharp
absorption band is observed at 573 nm, displaced to longer
wavelength from the molecular band. This is called a J-band,
and is ascribed to a different type of aggregation.
The adsorption. of dye to silver halides may occur in
three positions, -that is, flat-on,' edge-on and end-on. The
orientations of adsorbed thiacarbocyanine were shown in
Figure 8, for an example of three orientations.
m s
\y^^N
Surface
Flat-on Edge-on End-on
Figure 8. Three orientations of adsorbed thiacarbocyanine.
In low concentrations of cyanine dye adsorption to silver
halides, the adsorption state is flat-on orientation, v/hich
causes maximum M in the absorption spectrum. With increasing
concentration of dye, the adsorption state is edge-on orien
tation, which causes the J-band to appear. Because these dyes
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are arranged on the surface in close packed array of molecules
in edge-on orientation, which is identified by inter molecular
distance, some show a strong sharp "J" absorption band dis
placed from the absorption band M of isolated adsorbed mole
cules, which are arranged in flat-on orientation. The area
occupied by dye molecule corresponds only to edge-on orienta
tion. There is no evidence of end-on orientation in cyanine
dyes.
Coulomb forces and van der Waals, especially mutual dis
persion forces between dye Ions or molecules, are involved
in the adsorption forces. At very low concentration, dye
molecules or ions are- probably held to the grain as isolated
molecules at the sites of highest adsorption potential by
Coulomb and van der Waals attractive forces. Since all atoms
in the dye molecules participate in van der Waals attraction,
the isolated molecules lie flat on the surface. As the con
centration of adsorbed dye molecules is increased, lateral
interactions between the dye molecules in the surface come
into play, and eventually the van der Waals attraction be
tween the dye molecules becomes great enough to stand on edge.
These mutual interactions give the J-band.
1.3.2. Measurement by dye adsorption
There are four independent methods for estimating the
surface area of silver halide dispersion. These are electron
microscope, Coulter counter, silver particle analysis and
dye adsorption.
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Electron microscope method is the determination of the
grain surface from electron micrography.
Coulter counter method32 j.s reported by Berg. Emulsion
passes through an orifice of small apperture. The electric
resistance of the carrier liquid in the measuring capillary
is temporarily changed by an amount proportional to the par
ticle volume during the passage of a particle. The individ
ual impulses are discriminated and counted according to the
impulse height. Thus the distribution function is obtained.
The method of silver particle analysis is proposed by
Stevens and Block^3 ^he emulsion is fully exposed and de
veloped. The silver is saturated with thiosulfate labelled
by S.^ The number of silver atoms in the surface of emulsion
is calculated on the basis of previous estimation, that is,
one thiosulfate ion corresponded to three surface silver
atoms. The total number of silver atoms is calculated from
analysis of radioactivity. From these data the surface-to-
volume ratio and mean grain size are calculated.
Dye adsorption method is the determination of the ad
sorption isotherm of a dye such as 1,1 '-diethyl-2, 2 '-cyanine
by centrifugation and phase separation procedure.
The spectral absorption of cyanine dye in dispersions
of silver halides can be utilized for direct measurement of
the surface area of silver halide. A simplified procedure
was devised by Herz^ based on the difference in spectral
absorption of the adsorbed dye, which is J-aggregated, and
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unadsorbed dye in the gelatin, which is monomeric or H ag
gregated,
1,1 '-diethyl-2, 2* -cyanine was adopted as a standard dye
for the following reasons 35 * 36 ,37 i) it had favorable
solubility and spectral characteristics, i,e, very strong
aggregation, large shift, ii) Herz found that temperature
variation between 23 C and 6oC had no detectable effect on
saturation coverage of the cyanine dye, iii) Saturation
coverage was insensitive to large changes in solvent and
salts concentration. Herz indicated that J-band intensity
of 1,1 '-diethyl-2, 2 '-cyanine was not sensitive to the con
centration Ag+ or
Br" ions in the range pAg 3.3 - 8.7.
iv) The adsorption appears to be limited to monolayer cov
erage, v) Crystal habit of the substrate did not influence
the amount of cyanine dye adsorbed at saturation coverage;
it was the same on cubic and on octahedral silver bromide,
1.3.3. The Kubelka-Munk Function3*->37
Changes in the dye spectra on adsorption were quantita
tively evaluated by reflectance measurement on thick layers.
This function was expressed in the following
K/S = ( 1 - R,)2/ 2 R.a Ce/S
where K and S are the absorption and scatter coefficients of
substrate, RBis the reflectivity of an infinitely thick lay
er, and C ande are the molar concentration and molar absorp
tivity coefficients, respectively. The Kubelka-Munk function
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is applicable to silver halides dispersions, provided that
the specular or Fresnel reflections are negligible and infi
nite reflectivities, R^, are actually measured. A concen
tration series of l,l'-diethyl-2,2'-cyanine chloride in the
silver halides suspension was prepared and the K/S spectra
measured. It is apparent that these concentration-dependent
reflection spectra possess characteristics similar to the
transmission spectra. The millimoles of dye added per mole
of silver halides were plotted against J-band intensity ex
pressed in K/S values. Extrapolation of the linear parts
yielded an intercept which was taken to define the amount
of dye adsorbed at saturation coverage. A molecular area
of 57 A2 had been assigned to this dye.
For an example, the method is shown in Figures 9-10
by using the data of Emulsion 5 in the primary experiment.
The amount of dye adsorbed at saturation coverage is ob
tained at 1.6 millimole per mole silver halide.
6.023 x 1023 x 57 A2 x 1.6 x 10"3 = 5,5 x IO2 m2
Therefore, 5.5 x IO2 m2 per mole of AgX is determined.
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Figure 10.
1 2
Millimole dye / mole AgX
J-band reflectivity of Emulsion 5 at varying
dye concentrations, expressed as Kubelka-Munk
function.
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Reports of this type of research with monodisperse emul
sion have apparently not been published to date, so that this
work is with monodisperse emulsion in contrast to Dickinson,
Spracklen, Farnell, et al.
Before I describe the experiment, I shall discuss the
aims of present experiment. The primary aims are noted as
following;
(1) Precipitation
(a) The influence of precipitation conditions.
(b) The relationship between time of precipitation
and grain size.
(c) The difference between the precipitation with
iodide mixed with bromide and with all iodide
in beaker at start. The Emulsion 5 was precipi
tated with all iodide mixes with bromide.
(2) Sensitization
(a) Is there a critical concentration below which full
sensitivity cannot be reached?
(b) Is the critical concentration dependent on grain
size?
(c) At concentrations at and above the critical concen
tration, what is the relation between concentration
and the time of digestion needed to reach maximum
sensitivity?
(d) The relations between concentration, digestion, and
fog.
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CHAPTER II
EXPERIMENTS
2.1. Gelatin
The original method of washing, the noodling technique,
or the addition of large amount of a polyvalent salt are
difficult to control and tend to dilute the emulsion. The
method of washing by coagulation of phthalated gelatin was
invented by H.C.Yutzy and G.F.Framed
Using the phthalated gelatin, usually one wash with
cold distilled water was enough to reduce the salt concen
tration to a negligible value, and the grains can be redis
persed in fresh gelatin solution at the desired pH, pAg and
gelatin concentration.
The 7 f phthalated gelatin was prepared by means of
U.S.Patent No. 2, 525, 753 of Eastman Kodak Co.. Riches-Nelson
"inert" gelatin (type PL/1443 Lot 13 A) for precipitation
was treated with 7 f by weight of phthalic anhydride at pH
10. It was necessary only to lower the pH of the phthaloyl
gel below its isoelectric point at 3.6 for coagulation after
silver salts were precipitated. Untreated inert gelatin was
used for redispersion.
After ascertaining the inertness of this gelatin in pri
mary experiment, the main experiments were carried out.
These results of the primary experiment were shown in Figures
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11, 12 and 13. These indicate that sensitization by the
gelatin was negligible compared to that produced by the
thiosulfate except for the longest digestion time.
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Figure 11.
Characteristic curves of
Emulsion 11 ripened with
0 uM/AgX at pAg 8.8, pH
5.87 and 55C
"-"-ft
Curves Digestion times
0 min.
300 min.
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H
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Q
Log Exposure
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Figure 12.
Characteristic curves of
Emulsion 12 ripened with
0 uM/AgX at pAg 9.0, pH
5.7 and 55C.
Curves Digestion times
0 min.
300 min.
p
H
CD
c
P
0
Log Exposure
32
Figure 13.
Characteristic curves of
Emulsion 13 ripened with
0 ^M/AgX at pAg 8.8, pH
5.8 and 55*0.
Curves Digestion times
0 min.
180 min.
\
Log Exposure
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2.2. Preparation of Silver Iodide-bromide Emulsion
2.2,1, Precipitation
This precipitation was prepared by double jet method.
Three emulsions of uniform grain were made, respectively
coarse, medium and fine, by three precipitation steps. In
the first step, the fine grain emulsion was prepared. Then
part of this was removed, and to the rest was added more
silver nitrate and potassium iodide-bromide. This was pre
cipitated to yield a medium grain size emulsion. Part of
this, in turn, was removed and set aside. For the final
stock, more silver nitrate and potassium iodide-bromide solu
tions were added to the amount left in the original beaker,
and this was precipitated, producing a large grain size
emulsion. The procedure is following:
Silver nitrate and halides were weighed with precision
of 0.001 g. The apparatus were cleaned with chromic acid
cleaning mixture so that it left no water on draining.
Emulsion 11
A AgN03 3.000 N 150.0 ml
Bi KBr - 2.894 N 155.5 ml
Cj KI 1.594 g
7 f> phthaloyl gelatin 14.700 g
Distilled water 490.0 ml
Place the steel beaker in the thermostat at 65C, stirring
with turbine stirrer (Barrington Industries Inc. Model CJTW0
No. 002033). Set up peristaltic pump (Sage Instrument Model
3b
371) with the capillaries connecting the pumping tubes, so
that the streams of* solutions from the capillaries fell near
the center of the beaker. The tips of the capillaries were
leveled with the rim of the beaker. When the solution C in
the beaker was dissolved, the double jet precipitation of
solutions A and B was started under safelight. Agitation
speed was 33. Solutions A and B were conveyed through 0.5
mm diameter silicone tubes into solution C of the beaker.
The rates of addition A and B were 1.90 and 1.97 ml/min. re
spectively. The silver nitrate and potassium bromide were
added equivalently. The precipitation was run 79 minutes
during sampling each 20 minutes. These samples were observed
by microscope and made sure that emulsification was going
correctly. The pK in the beaker at the end was 5.87 and pAg
was 8,8, The pAg values were measured at 4oC. The calcu
lated pAg value was 9.7 at 4oC. Therefore actual pAg at
beaker was lower than the value which was expected. These
data were measured by research pH meter (Beckman Model 1019)
which was calibrated.
Emulsion 12
Ai AgN03 2.000 N 75.0 ml
Bi KBr 1.992 N 78.0 ml
Cj Emulsion 11
7 f> phthaloyl gelatin
Distilled water
273.0 g
4.500 g
150.0 ml
Same apparatus was set up as for Emulsion 11 precipitation.
Solution C was placed in the steel beaker and solutions A
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and B were conveyed by double jet pump. Agitation speed was
28 and temperature was 65C. The total precipitation time
was 39 minutes and 45 seconds. 3)he pH and pAg in the vessel
at the end were 5.7 and 9.58, respectively.
Emulsion 13
Ai AgN03 1.500 N 133.3 ml
Bi KBr
*
. 1.494 N 138.1 ml
KI
*
0.030 N
Cj Emulsion 12 192.1 g
7 fo phthaloyl gelatin 6.000 g
Distilled water 225.0 ml
Agitation speed was 28 and temperature was 65C. The total
precipitation time was 69 minutes and 45 seconds. The pH
and pAg were 5.89 and 6.0 at the end, respectively. The
cause of pAg 6.0 was excess addition of solution A after
precipitation. It might be the cause for increasing the
rate of growth on the (100)-face.
2.2.2, Washing
After the precipitation, the emulsion was started cool
ing and 0.100 N ^SOj- was added for coagulation. The pH
of coagulation was 2.9 - 3.2. Coagulum was drained and cold
distilled water added. Then the emulsion was put in the
refrigerator. Using 7 f phthaloyl gelatin, usually one wash
ing with cold distilled water was enough to reduce the salt
concentration to a negligible value. After draining water
from coagulum, inert gelatin and 0.1 N NaOH was poured over
it, Coagulum was redispersed for a few minutes. The emulsions
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were adjusted to 6 f> gelatin concentration, and the desired
pH and pAg for coating. The pH and pAg of Emulsion 11, 12
and 13 were 5,87 and 8.8, 5.7 and. 9.0 and 5.8 and 8.8, re
spectively.
2.2.3. Chemical sensitization
The emulsion was sensitized with sodium thiosulfate at
55C. For varying degrees o,f sulfur sensitization, thio
sulfate v/as at a series of concentrations of sodium
thiosulfate per mole of silver halides, and a series of di
gestion times was -used with each concentration to determine
the maximum sensitivity which could be reached with this
concentration. The concentrations of sodium thiosulfate in
the first trial with fine grain emulsion were 400, 200, 100,
50 and 35 micromole per mole of silver halides. For the
fine grain emulsion, a rough estimation of the digestion time
at each sensitizer concentration was obtained. To determine
the optimum digestion time at each sensitizer level for medi
um grain emulsion, five more digestions were used with each
sensitizer level centering around the estimated value from
the stage one. Finally, for the coarse grain size emulsion,
five more digestion times were chosen about the value deter
mined in the stage two. Additionally for the best approx
imation, more digestion times were used at some sensitizer
levels. Before the addition of the sensitizer, the emulsion
o
was rapidly heated to 55 C.
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2.2.4. Coating
After sulfur digestion, the emulsion was coated by the
coating machine. This coating machine was designed by Dr.
B.H.Carroll and Professor Nilsen and was built by Professor
Nilsen. The maximum developed density of emulsion coating
is proportional to the amount of silver halide per unit area.
The contrast approaches a limit as the thickness is increased
and scale increases. In this coating machine, the emulsion
is forced at known rate through a slit in the coating head,
which moves relative to the film base, close enough to main
tain a continuous bead of liquid. A carriage supports the
coating head, syringe and the motor drive for syringe. It
runs on ball-bearing sleeves over heavy stainless-steel rods,
driven by a nut on a long precision screw which is belt driven
by constant speed, reversible, reduction-geared motor. The
rate of travel was 37 seconds for 18 inches. The width of
the slit was adjusted at 0.010". The syringe was connected
to the coating head by small diameter rubber tubing which
had been treated with caustic to remove sulfur. The piston
of the syringe was driven by screw and nut, via a variable
belt drive from a second motor of the same type. The rate
of the emulsion flow with the smallest pulley was 0.38 ml/sec.
with the 50 ml syringe. The concentration of the coating
emulsion was approximately 6 g silver per square meter. The
film base was used 0.007' with clear gel pelloid and was
coated on the subbed side which is inside in the roll.
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The film base was cut 5 x 18 1/4 inches and held to a hori
zontal platen by suction through a groove milled in the sur
face, A trap is provided between the groove and the vacuum
pump. The temperature of the platen was controlled by the
water jacked under it. During the coating, it was warm
enough so that the emulsion could flow rapidly. After coat
ing, the film was chilled as rapidly by cold water from the
tap.
2.2.5. Drying
The coated films were dried as uniformly as possible
by a rapid current of air in the dryer; migration of bromide
ions to an area drying slower than the rest makes nonuniform
photographic sensitivity. This dryer gives a uniform flow
of air from top to bottom. The rate of drying in room tem
perature air was sufficient to keep the emulsion set firmly
under any condition. It took about one and half hours,
2.2.6. Sensitometry
After drying, the films were cut into strips about 1
inch and half wide. These strips were exposed by Kodak 101
sensitometer and developed in Kodak D-19 developer at 20C
for 5 minutes, and were fixed for 10 minutes in F-5 fixer.
Washing was carried out by running water for 20 minutes.
Densities were measured by Macbeth TD-504.
All density versus log exposure from these sensitome
tric strips were plotted. The density values for each rep-
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licate"
of each of 21 exposure levels were averaged. All
curves of best fit were drawn with +1 sigma confidence limits.
Regression analysis was not profitable because the small
sample size.
2.3. Measurement of Surface Area of Emulsion (cf. pages 21 -
26, references 34-37)
The silver halides' emulsion for this experiment were
handled under safelight. Bromide and hydrogen ion concen
trations were measured potentiometrically and controlled
by addition of dilute KBr. All adsorption experiments were
carried on 4oC in pAg 8.8 at pH 5.7 - 5.8. After adsorp
tion the emulsion was coated thickly by manual coating and
v/as dried in the dryer. 10 ml of emulsion was coated on the
film base which size was 5x7 inches. According to commu
nications from Dr. Carroll, the necessary "infinite" thick
ness of emulsion was confirmed by the overlap of spectra of
each coating in region of silver halide absorption at 425 nm.
Differential dye spectra were measured with spectrophotometer
(Beckman DK-2 spectrophotometer) by placing BaSOjj, as the spec
tral reference. Using the Kubelka-Munk function, the amount
of dye adsorbed at saturation coverage was defined and served
as the point for conversion of spectra data into the adsorp
tion isotherm. Then the surface area of emulsion was deter
mined.
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CHAPTER III
RESULTS AND DISCUSSION
3.1. Precipitation
Using the Kubelka-Munk function, the amount of dye ad
sorbed at saturation coverage was measured as shown in Fig
ures 14 - 17. The surface areas of the emulsions were cal
culated from the dye adsorbed at saturation and these values
are shown in Table Ia. The electron micrographs were taken
by HITACHI HU-110 '(HO KV) and are shown in Photos 1 - 4.
From the electron micrographs, the size distributions of
emulsions are measured and average grain size of each emul
sion is calculated. These calculations involve the assump
tion that all grains are spheres. The distributions are
classified intervals of 0.13 " as shown in Table Ic. These
distribution curves are shown in Figures 18 - 21. The re
sults which are calculated from electron micrographs are
shown in Table lb.
The chart of precipitations is illustrated in Figure
22, so that the procedure of this experiment and the amount
of silver halides can be seen at a glance. According to the
formula of the emulsions, the grain volume of the Emulsion
12 is double that of Emulsion 11, and Emulsion 13 is triple
grain volume of Emulsion 12, if there was no new nucleation.
But Table lb shows that the volume ratio of Emulsions 11, 12
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and 13 is about Ii3.36.6. The existence of some new nucle-
ations which will reduce average grain size and many differ
ent shapes are observed from the electron micrographs of
Emulsion 12 and Emulsion 13. The theoretical relative number
of grains per mole AgX is in the ratio 63j1. if no new nu
cleation occurred. From the comparison of the experimental
results of Emulsion 11 and Emulsion 5 Emulsion 5 had contin
ued nucleation so that the range of grain size was wider.
The factor affecting it could be the initial conditions of
precipitation, that is, iodide concentration in the beaker
or the rate of initial addition. Emulsion 5 should have had
more new nucleations because of iodide in run if stirring was
imperfect.
The reason of wider distribution of grain sizes in Emul
sions 12 and 13 must be considered. The wider distribution
must be due to new nucleation, and the new nucleation was
probably caused by the unsuitable rate of addition and unde
sirable stirring condition. The capillaries of solutions A
and B were leveled to the same height of the beaker, but these
should be more close to turbine stirrer for desirable condi
tion of stirring.
The reason of observation of different shapes also must
be examined. It is of course affected significantly by stir
ring condition. The pAg values were measured at 4oC, but
the precipitation temperature was 65 "C. The solubility prod-
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uct of AgBr is increasing with increasing temperature. The
dependence of solubility product on temperature are listed
in Table II and shown in Figure 23.
As pAg values in the vessel were lower than the pAg val
ues at 4oC, from a practical point of view, emulsions were
precipitated at lower pAg. Twinned crystals are observed
from electron micrograph, although pAg was lower. Therefore
twinned crystals were probably caused by stirring condition
which gave locally high pAg around the inlet of the bromide
solution. Berry1 indicated that twinned crystal was caused
by AgBr32", According to Forsgard39 -the concentration of
AgBr32"
was increasing with increasing pAg values. Their
results are shown in Table III.
From the discussion described above, I may conclude
that the stirring condition and the rate of addition were
responsible for the width of grain size distribution; the
pAg values and stirring conditions have influence on crystal
habit.
Figure 22 shows the relation between the precipitation
time and mean grain size. The result which supports the
assumptions described before is obtained. In other words,
the rate of growth in Emulsions 11 and 12 is same because
the supply of solutions A and B is enough, but the growth
rate of Emulsion 13 is slow. Therefore, I may conclude that
the rate of crystal growth is independent of grain size up
to 0,63 u. These results agree with Berry and Skillman.
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It is probable that there were more nucleations in Emulsion
13. The line of Emulsion 12 starts about 0.4l u and the
line of Emulsion 13 starts about0.63 p. in Figure 24., be
cause Emulsion 12 was growing from Emulsion 11 and Emulsion
13 was growing from Emulsion 12.
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Figure 14. Reflection spectra of Emulsion 11.
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Figure 15. Reflection spectra of Emulsion 12,
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Figure l6,
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Reflection spectra of Emulsion 13.
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Photo 4. Electron micrograph of Emulsion 13.
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Figure 18. Size frequency curve of Emulsion 5.
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Figure 22. The chart of precipitations.
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Step 1. Precipitation (added 0.45 mole)
54
v /
Total mole =o.45
0.15 mole 0.30 mole
18 36
Emulsion 11
Step 2. Precipitation (added 0.15 mole)
18
0.10 mole
Total mole =0.30
0.20 mole
r\/"
y^. 12
-* Emulsion 12
Step 3. Precipitation (added 0.30 mole)
0.05 mole
stock
^N
* *
Total mole =0.30
0.25 mole
5
Emulsion 13
The numbers in the beaker indicate the theoretical
relative grain number, (per batch)
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Table II
Dependence of solubility product on temperature
Temperature ' AgBrv (K) Agl (K)
40 C 2.44 x
IO"12 6.95 x 10~16
50C 6.45 x 10-12 2.49 x 10-15
6oC 1.58 x IO"11 8.09 x 10~15
80C 7.46 x IO"11 6.61 x IO"1**
Table III
Concentration of complex ion (AgBr32~)
as a function of pAg,
58
Temperature ( C)
Figure 23 . Dependence of solubility product on
temperature.
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3.2. Sensitization
The characteristic curves which are obtained in the way
described in chapter II are shown in Figures 25 - 38. From
these characteristic curves, the relative inertia and relative
log sensitivity for the exposure index 0.3 density above fog
density are measured and are summarized in Tables IV - VI.
0.3 density above fog was chosen as the more representative
index.
Characteristic curves at optimum digestion for each sen
sitizer concentration are compared in Figures 39 - 4l. It
is necessary to define a certain standard of optimum diges
tion. Optimum digestion is defined the moment before fog is
rising and around the highest gamma. Table VII shows the
log speed index at optimum digestion for each concentration.
Optimum speed was approximately same for all sensitizer con
centrations near optimum.
Sensitivity on the basis of 0.3 density above fog and
fog density, are plotted against digestion time. Figures
42a, 43a and 44a show these results. Figures 42b, 43b and
44b show sensitivity and logarithmic gamma plotted on a log
arithmic time basis (in minutes). These allow a more pre
cise analytical measurement of optimum digestion time?0
The fog began to rise rapidly when the optimum speed was
reached. The rate of growth of sensitivity and fog increased
with increasing thiosulfate concentration, but the effect of
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grain size was uncertain. This is in agreement with the re
sults of Balls and Harvey}-? The optimum digestion is also
shown in Figures 42a, 43a and 44a. Speed at optimum diges
tion is relatively independent of thiosulfate concentration
for Emulsions 11 and 12. This is probably also true for
Emulsion 13, but the rapid growth of fog introduced a larger
error. The effect of digestion time on gamma is shown in
Figures 42b, 43b, 44b and 45.
It becomes evident that the 35 pM/AgX sensitizer level
of Emulsions 11 and 13 did not reach the maximum sensitivity.
While it is possible that it might have been reached with
sufficient increase in time or digestion, there would have
been a large and uncertain contribution from the gelatin only
(see Figures 11 - 13). The difference in rate of ripening
between 50 and 35 P mole is, in any case, so large that it
is justifiable to say that the minimum -practical concentra
tion for both Emulsions 11 and 13 was close to 50 u mole.
The cross section electron micrographs of each emulsion
were taken by HITACHI-AKASHI scanning electron microscope
MSM-2, and are shown in Photos 5-7. From these photographs,
coating thickness of emulsion is determined. These results
are average of five measurements and are shown in Table VIII.
Emulsion 11 was also exposed by EG&G sensitometer. Ex
posure time was 10""^ seconds. These results are shown in
Table Villi and Figure 46. Sensitivity at 10"*^ seconds changed
less with chemical sensitization than at 2 x
10""1 seconds,
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as expected.
The relation between sensitizer concentration and optimum
sensitivity is shown in Figure 47. Optimum sensitivity was
approximately same for all sensitizer concentrations near
optimum. It seems that the critical sensitizer concentration
showed no dependence on grain size.
The relation between maximum sensitivity and mean pro
jective area is shown in Figure 48, and the relation between
maximum sensitivity and total surface area is shown in Figure
49- It is observed that the maximum sensitivity is dependent
on surface area. The lines of maximum sensitivity for each
sensitizer concentration are parallel in Figures 48 and 49.
Figures 48 and 49 indicate the maximum sensitivity at 200
uM/AgX for all three emulsions.
Figure 50 shows the relation between concentration of
sensitizer and an optimum digestion time. It does not follow
the order of grain size. It is considered that the slightly
lower pH and high pAg of emulsion 12 during chemical sensi
tization were more important than any effect of grain size*
since the rate of sensitization was lower.
To summarize my interpretation of the results, I can
explain that there was a critical concentration of sensitiz
er below which full sensitivity could not be obtained at any
digestion time. It seems that the critical sensitizer con
centration was independent on grain size. It is possible
that such dependence might have been detected if the range
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of grain sizes could have been increased, but the results
indicate that there is nothing like a constant amount of
sensitizer per unit area of grain surface. Farnell29 found
that the quantum sensitivity was decreased with increasing
grain size by keeping the constant ratio of thiosulfate to
the surface area.
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Figure 25.
Characteristic curves of
Emulsion 11 ripened with
35 pM/AgX at pAg 8.8, pH
5.87 and 55c.
Curves Digestion times
300 min.
360
420
480
540
+>
H
CQ
ti
0
Log Exposure
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Figure 27.
Characteristic curves of
Emulsion 11 ripened with
100 UM/AgX at pAg 8.8, pH
5.87 and 55C.
Curves Digestion times
/
!
P
H
CO
c
Q
Log Exposure
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Figure 28.
Characteristic curves of
Emulsion 11 ripened with
200 uM/AgX at pAg 8.8, pH
5.8 and 55C
Curves
Log Exposure
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Figure 29.
Characteristic curves of
Emulsion 11 ripened with
400 uM/AgX at pAg 8.8, pH
5.87 and 55C.
Curves Digestion times
30 min.
.60
120
180
p
H
CQ
c
p
Log Exposure
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Figure 30.
Characteristic curves of
Emulsion 12 ripened with
50 uM/AgX at pAg 9.0, pH
5.7 and 55C
Curves Digestion times
180 min.
240
300
360
420
>>
+>
t-i
CO
ti
Q
Log Exposure
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Figure 31.
Characteristic curves of
Emulsion 12 ripened with
100 uM/AgX at pAg 9.0, pH
5.7 and 55C.
Curves Digestion times
120 min.
180
240
300
p
ri
CO
ti
Log Exposure
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Figure 32.
Characteristic curves of
Emulsion 12 ripened with
200 uM/AgX at pAg 9.0, pH
5.7 and 55C
Curves Digestion times
60 min.
120
180
240
p
H
CQ
ti
P
4
Log Exposure
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Figure 34.
Characteristic curves of
Emulsion 13 ripened with
35 uM/AgX at pAg 8.8, pH
5.8 and 55C
Curves Digestion times
73
120 min.
180
240
300
360
aSdSEx
Log Exposure
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Figure 35.
Characteristic curves of
Emulsion 13 ripened with
50 uM/AgX at pAg 8.8, pH
5.8 and 55C
Curves Digestion times
30 min.
60
120
180
>>
+>
H
tn
ti
P
Log Exposure
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Figure 36.
Characteristic curves of
Emulsion 13 ripened with
100 uM/AgX at pAg 8.8, pH
5.8 and 55C.
Curves Digestion times
30 min.
. 60
90
120
p
H
CO
ti
P
0
Log Exposure
76
Figure 37.
Characteristic curves of
Emulsion 13 ripened with
200 uM/AgX at pAg 8.8, pH
5.8 and 55C.
Curves Digestion times
30 min,
40
60
>
p
H
CQ
ti
P
Log Exposure
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Figure 38.
Characteristic curves of
Emulsion 13 ripened with
400 uM/AgX at pAg 8.8, pH
5.8 and 55C
Curves Digestion times
30 min.
40
60
p
H
CQ
ti
CD
P
0
4 3
Log Exposure
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Figure 39.
Characteristic curves of
Emulsion 11 at optimum
digestion time for each
sensitized level.
Curves Concentration of sensitizer
50 UM/AgX
100
200
400
p
H
to
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Log Exposure
82
p
ri
to
c
p
Log Exposure
83
p
H
ti
P
Figure 4l.
Characteristic curves of
Emulsion 13 at optimum
digestion time for each
sensitized level.
Curves Concentration
of sensitizer
50 UM/AgX
100
200
400
0
Log Exposure
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Table VII
Log speed index at optimum digestion
for all concentrations.
Concentration Emulsion 11 Emulsion 12 Emulsion 13
50 uM/AgX 3.26 3.11-06 4.82
100 3.28 3.03 4.78
200 3.23 3.00 4.88
400 3.35-15 3.06-00 4.72
Mean 3.25 3.04 4.80
Table VIII
Thickness of coating emulsions.
Emulsion
Thickness
11
0.0137 mm
12
0.0129 mm
13
0.0135 mm
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Figure 42a. Sensitivity and fog related to digestion
time for various quantity of thiosulfate.
( Emulsion 11)
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Figure 42b, Sensitivity and logarithmic gamma related
to logarithmic digestion time for various
quantity of thiosulfate. ( Emulsion 11)
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Figure 43a. Sensitivity and /fog related to digestion
time for various quantity of thiosulfate.
( Emulsion 12)
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Figure 43b. Sensitivity and logarithmic gamma related
to logarithmic digestion time for various
quantity of thiosulfate. ( Emulsion 12)
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Figure 44a. Sensitivity and fog related to digestion
time for various quantity of thiosulfate,
( Emulsion 13)
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Sensitivity and logarithmic gamma related
to logarithmic digestion time for various
quantity of thiosulfate. ( Emulsion 13)
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i-hoto 5.
Cross section micrograph
of Emulsion 11 by scanning
electron microscope.
x 2000
Photo 6.
Cross section micrograph
of Emulsion 12 by scanning
electron microscope.
x 2000
Photo 7.
Cross Section micrograph
of Emulsion 13 by scanning
electron microscope.
x 2000
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Table Villi
Sensitivity of Emulsion 11
exposed by EG&G sensitometer
(Exposure time 10"*^ sec.)
Sensitization Digestion time Relative log
. (minutes ) sensitivity
. (0.3>fog)
35 pM/AgX 300 2.45
360 2.54
420 2.61
480 X
540 2.66
50 180 2.75
240 2.80
300 2.91
360 2.88
420 X
100 60 2.73
'120 2.90
180 2.93
240 2.97
300 2.92
200 30 2.50
60 2.80
120 2.96
180 X
240 2.98
300 2.91
400 30 2.68
60 2.93
120 2.99
180 2.98
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Figure 47. Logarithm of concentration vs. optimum
sensitivity
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CHAPTER IV
CONCLUSION
The problem of sensitizer concentration and digestion
time have been studies by many researchers, but they used
polydisperse emulsions. There probably was a uniform con
centration of sensitizer on the grain surface in terms of
unit area. Big grains might form multiple nuclei or sen
sitize faster if they are not at the same concentration
per mole of silver Saalides or a greater concentration per
unit area. The paucity of reports with monodisperse emul
sions encouraged me to investigate the problem.
Experimental results show agreement with literature
studies in regard to the following points t
(1) The initial condition of precipitation affected
the grain distribution. The precipitation with
iodide mixed with bromide had wider distribution
because of more extensive nucleation.
(2) Stirring condition, the rate of addition and pAg
values influenced the width of grain size distri
bution and crystal habit.
(3) The rate of crystal growth was independent of
grain size up to 0.63 p.
(4) The rate of growth of sensitivity and fog increased
with increasing thiosulfate concentration, but the
100
effect of grain size was uncertain.
(5) The fog began to rise rapidly when the optimum
speed was reached.
Experimental results also offer previously unreported
evidence for the following i
(1) There was a critical concentration of sensitizer
below which full sensitivity could not be obtained
at any digestion time.
(2) The critical sensitizer concentration showed no
dependence on grain size. The results definitely
indicate that the optimum does not correspond to
a constant amount of sensitizer per unit area of
grain surface.
The author wishes to thank Dr, B.H.Carroll for his advice
and assistance during the final reading of manuscript.
101
BIBLIOGRAPHY
1. CR.Berry, S.J.Marino and C.F.Oster, Photogr. Sci.
Eng., i, 332(1961)
2. C.R.Berry and D.C.Skillman, Photogr. Sci. Eng. , 6,
159(1962)
3. R.W.Berriraan, J. Photogr. Sci. , 12, 121(1964)
4. C.R.Berry and D.C,Skillman, J.Phys. Chem. , 68,
1138(1964)
~
5. CR.Berry and D.CSkillman, J. Photogr. Sci. , 16,
137(1968)
~~
6. A.Hirata and S.Hohnishi, Bull. Soc. Sci. Photogr.
Japan, 16, 1(1966)
7. C.R.Berry and D.CSkillman, Photogr. Sci. Eng. , 12,
69(1969)
8, CE.K.Mees and T.H.James, "The Theory of the
Photographic Process", MacMillan, 1966 pp.6.
9. S.Kikuchi, "Shashin Kagaku", Kyoritsu, 1970
pp. 26.
10. E.Moisar and E.Klein, International Congr. Photogr.
Sci., Tokyo, (1967)
11. A.Hirata and K.Morofushi, International Congr.
Photogr. Sci., Tokyo, (1967)
12, W *Morkocki and A.Zaleski, International Congr.
Photogr. Sci., Montreal, (1972)
13. F.H.Claes and W.Peelaers, International Congr.
Photogr. Sci., Tokyo, (1967)
14. D.M.Spracklen, J.Photogr. Sci. , 14, 220(1966)
15. E.Moisar, J.Photogr. Sci. , 16, 102(1968)
16. D.J.Cash, J.Photogr. Sci., 20, 107(1972)
102
BIBLIOGRAPHY
17. A.Balls and J.F.Harvey, J.Photogr. Sci. , 11, 258(1967)
18. D.M.Spracklen, J.Photogr. Sci. , lj>, 249(1967)
19. H.O.Dickinson, J.Photogr. Sci. , , 105(1959)
20. R.A.Bassetf and H.O..Dickinson, J.Photogr. Sci. , 11,
239(1963.)
21. J.F.Harvey, J. Photogr. Sci. , 14, 204(1966)
22. R.Berendsen and P.Faelens, J.Photogr. Sci. , 16, 31
(1968)
23. E.Moisar, J.Photogr. Sci. , 14, 181(1966)
24. CE.K.Mees and T.H.James, "The Theory of the
Photographic Process", MacMillan, 1966 pp. 114 -
116
25. D.J.Cash, J.Photogr. Sci., 20, 77(1972)
26. D.J.Cash, J.Photogr. Sci., 20, 223(1972)
27. G.CFarnell and R.L.Jenkins, J.Photogr. Sci. , 21,
241(1973)
28. G.CFarnell, J.Photogr. Sci. , 20, 196(1972)
29. G.CFarnell, J. Photogr .Sci. , 1, 116(1969)
30. H.Frieser and W.Bahmuller, J. Photogr. Sci. , 16, 38
(1968)
31. CE.K.Mees and T.H.James, "The Theory of the
Photographic Process", MacMillan, 1966 pp. 236 -
250
32. W.F.Berg, J.Photogr. Sci. , 12, 247(1964)
33. G.W.W.Stevens and P.Block, J.Photogr. Sci. , , 111
(1959)
103
BIBLIOGRAPHY
34. A. H.Herz and J.O.Helling, Koll.Z. and Z.Polymere.,
218, 157(1967)
35. A.H.Herz and J.O.Helling, J.Colloid. Sci. , 12, 293
(1962)
36. A.H.Herz and J.O.Helling, J. Colloid. Interface. Sci. ,
22, 391(1966)
*
37. A.H.Herz, R.Danner and G.Janusonis, Symposium
"Adsorption from Aqueous Solution", 1967
38. U.S.Patent, No. 2, 525,753.
39- F.CForsgard, Photogr. Sci. Eng. , 2, 23(1959)
40. Suggestion of Dr. G.W.Schumann
104
APPENDIX A
Recommendation for emulsion coating
I shall explain briefly the necessary fundamentals
of emulsion making by using the coating machine.
The coating machine must be handled with extreme care.
A good coating is obtained by prior warming of the coating
head. The temperature of the platen should, be maintained
at a suitable coating temperature. Reticulation was observed
in the primary experiment because of high temperature of the
platen. The horizontal position of the platen must also be
checked very carefully. The dryer should be operated for a
minimum of one and half hours for uniform drying.
